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2-12 ， 继 续 反 应 终 可 以 得 到 C-C 偶 联 的 化 合 物
Ru(OAc)(NC5H4CH=C(CH2CH2C5H4N))(PPh3) (2-13) 和
Ru(OAc)(C5H4NCH2CH=CHCH2C5H4N)(CH=CHC5H4N) (2-15)。为了探索反应的
机理，我们接着研究了配合物 2-12 和 2-13 各自与 2-乙烯基吡啶的反应，以及配
合物 2-12 与丙烯酸甲酯的反应。与 2-乙烯基吡啶和 Ru(OAc)2(PPh3)2 的反应略有
不同， 2-乙烯基喹啉在与 Ru(OAc)2(PPh3)2反应时可能由于具有较大的空阻只生
成一对环金属化合物 2-17A(cis)和 2-17B(trans)，即使延长反应时间也不能得到
相应的 C-C 键偶联产物。Ru(OAc)2(PPh3)2 与 8-甲基喹啉在无机碱 Cs2CO3 的存在
















第三章研究了 MH(OAc)(PPh3)3 (M = Ru, Os) 分别与 2-乙烯基吡啶、2-乙烯
基喹啉、丙烯酸甲酯以及反式查尔酮的反应。RuH(OAc)(PPh3)3 与 2-乙烯基吡啶、
2-乙烯基喹啉室温下均可以反应得到烯烃插入到 Ru-H 键中的产物，分别为
Ru(OAc)(CH2CH2C5H4N)(PPh3)2 (3-14)和 Ru(OAc)(CH2CH2C9H6N)(PPh3)2 (3-16)。
加热条件下，RuH(OAc)(PPh3)3 与 2-乙烯基吡啶反应可以得到两分子、三分子的
2-乙烯基吡啶与金属 Ru 配位的 C-C 键偶联产物 2-13、2-15。而 RuH(OAc)(PPh3)3
在与 2-乙烯基喹啉加热反应时只得到了一对互为异构体的环金属化产物
Ru(OAc)(CH=CHC9H6N)(PPh3)2 (2-17A(cis)和 2-17B(trans))。OsH(OAc)(PPh3)3 与
2-乙烯基吡啶或 2-乙烯基喹啉反应时，室温条件下反应比较慢或者是基本不反
应 ， 在 加 热 条 件 下 则 均 只 生 成 相 应 的 环 金 属 化 合 物
Os(OAc)(CH=CHC5H4N)(PPh3)2 (3-17)和 Os(OAc)(CH=CHC9H6N)(PPh3)2 (3-18)。
另外，MH(OAc)(PPh3)3 (M = Ru, Os)与丙烯酸甲酯反应可以得到羰基氧与金属中
心配位且烯基末端碳与一个 PPh3 配体上的苯环邻位碳偶联的产物
Ru(OAc)(CH3OCOCH=C(C6H4PPh2))(PPh3) (2-22) 和 Os(OAc)(CH3OCOCH=C 
(C6H4PPh2))(PPh3) (3-21)。RuH(OAc)(PPh3)3 与反式查尔酮反应可以直接得到环金
属化配合物 Ru(OAc)(PhC=CHCOPh)(PPh3)2 (3-23)， 而非烯烃插入到 Ru-H 键中
的产物。值得注意的是，OsH(OAc)(PPh3)3 与反式查尔酮反应时过程中发生了选
择性的C-C键的断裂，并消除一分子的苯，生成了相应的反式查尔酮烯烃上的β-C
与 PPh3 中 的 一 个 苯 环 邻 位 碳 偶 联 的 产 物
Os(OAc)(C=CHCOC6H5)(PPh2(C6H4))(PPh3) (3-24)。 
 















Because C-H bonds are ubiquitous in organic compounds, the direct involvement 
of C-H bonds in C-C, C-N, C-O, or C-P bond formation reactions as several active 
functional groups (such as C-X bonds, X = Cl, Br, I, OTf…) would become a 
powerful tool for the construction of complex organic molecules. Recently, 
coordinating directed selective C-H bond functionalization has represented one of the 
most effective and practical strategies in organic synthesis and has been investigated 
extensively. In this context, the cyclometalation reactions of a number of ruthenium 
and osmium complexes with some organic substrates through directed C-H activation 
has been studied in our group. Herein, our recent research on several novel 
transformations involving C-H activation promoted by some ruthenium and osmium 
acetate complexes will be described. This thesis consists of the following three 
chapters. 
In chapter 1, the significance of C-H functionalization in organic synthesis and 
several important pathways for C-H activation are summerized. A brief review on the 
rencent progress on transition-metal-mediated C-H activation, especially the 
achievements for ruthenium- and osmium-mediated transformations, is also included. 
In addition, the research objectives are presented. 
In chapter 2, the reactions of Ru(OAc)2(PPh3)2 with 2-vinylpyridine and 
2-vinylquinoline are described. Firstly, under different reaction temperatures (rt or 
120 oC), the reaction of Ru(OAc)2(PPh3)2 with 2-vinylpyridine led to the formation of 
cyclometalation product Ru(OAc)(CH=CHC5H4N)(PPh3)2 (2-12) or C-C coupling 
products Ru(OAc)(C5H4NCH=CCH2CH2C5H4N)(PPh3) (2-13) and 
Ru(OAc)(C5H4NCH2CH=CHCH2C5H4N)(CH=CHC5H4N) (2-15). To understand the 
mechanism, the reactions between 2-12 or 2-13 and 2-vinylpyridine, and the reactions 
between 2-12 and methyl acrylate were also performed. Secondly, perhaps due to the 















could only afford the corresponding cyclometalation products even after long reaction 
times.  
In chapter 3, several transformations involving C-H activation of 2-vinylpyridine, 
2-vinylquinoline, methyl acrylate, or trans-chalcone mediated by ruthenium or 
osmium hydride complexes MH(OAc)(PPh3)3 (M = Ru, Os) were investigated. Firstly, 
during the reaction between RuH(OAc)(PPh3)3 and 2-vinylpyridine or 
2-vinylquinoline, only the insertions of C=C double bonds to the Ru-H complex were 
observed at rt, which afforded the corresponding Ru(OAc)(CH2CH2C5H4N)(PPh3)2 
(3-14) or Ru(OAc)(CH2CH2C9H6N)(PPh3)2 (3-16). Under thermal conditions, the 
reaction of RuH(OAc)(PPh3)3 with 2-vinylpyridine afforded the C-C coupling 
products 2-13 and 2-15, and the reaction of RuH(OAc)(PPh3)3 with 2-vinylquinoline 
produced the corresponding cyclometalation products 
Ru(OAc)(CH=CHC9H6N)(PPh3)2 (2-17A (cis) and 2-17B (trans)). Secondly, the 
reaction between OsH(OAc)(PPh3)3 and 2-vinylpyridine or 2-vinylquinoline only 
worked at thermal conditions and gave the corresponding cyclometalation products 
Os(OAc)(CH=CHC5H4N)(PPh3)2 (3-17) and Os(OAc)(CH=CHC9H6N)(PPh3)2(3-18).  
Thirdly, both RuH(OAc)(PPh3)3 and OsH(OAc)(PPh3)3 could react with methyl 
acrylate to afford the novel C-C coupling products 
Ru(OAc)(CH3OCOCH=C(C6H4PPh2))(PPh3) (2-22) and Os(OAc)(CH3OCOCH=C) 
(C6H4PPh2)(PPh3) (3-21) respectively. Fourthly, the reaction of RuH(OAc)(PPh3)3 
with trans-chalcone only produced the corresponding cyclometalation product 
Ru(OAc)(PhC=CHCOPh)(PPh3)2 (3-23). However, an attractive reaction between 
OsH(OAc)(PPh3)3 and trans-chalcone involving an abnormal C-C bond cleavage 
were observed and led to the formation of C-C coupling product 
Os(OAc)(C=CHCOC6H5)(PPh2(C6H4))(PPh3) (3-24). 









































氧化加成是 常见的一类 C-H 活化反应历程，富电子的、低价态的后过渡

















然后插入到 C-H 键之间，形成含有金属氢的环状化合物，实现 C-H 键活化 
(Scheme 1.1)。 
 
2004 年，Morris 课题组报道了 RuHCl(PPh3)3 与 N-杂环卡宾化合物的环金属
化反应 (Scheme 1.2)。反应过程认为是 RuHCl(PPh3)3 首先消除一分子 HCl 生成
Ru(0)中间体，与 N 相连的间-三甲苯取代基的甲基 C-H 键再在 Ru(0)中心上氧化







四元环的过渡态，通过 M-C’、C-H 的断裂，M-C、C’-H 的形成，从而实现 σ 键
















1968 年，Keim 课题组报道了 Wilkinson 催化剂的类似物 Rh(CH3)(PPh3)3 (1-3)
在加热条件下通过 σ 键交换途径实现了自身的环金属化。而且活化了 PPh3 苯环




















金属-C 键的化合物，而氢作为一个 Lweis 酸与 X 结合离去(Scheme 1.5)。 
 
2008 年，Urriolabeitia 报道了金属 Pd 促进的 C-H 键活化实现的环金属化反
应[11] (Scheme 1.6)。Pd(OAc)2 与 N 进行配位后，缺电子的 Pd 金属中心与富电子

































































2008 年，Ackermann 课题组报道了在羧酸作为共催化剂的条件下，Ru 催化
直接芳基化的反应[15]，认为其反应过程为金属与 N 原子配位发生环金属化反应


















1.3 过渡金属实现 C-H 键活化的文献回顾 





1.3.1 杂原子引导实现 C-H 键活化 






的活化 (Scheme 1.10)。 
 
    2007 年，Esterulas 课题组报道了 OsH6(P
iPr3)2 与 8-甲基喹啉、二甲氨基吡啶
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